In this study, we develop a combined active/passive technique to estimate surface soil moisture with the focus on the short vegetated surfaces. We first simulated a database for both active and passive signals under SMAP's sensor configurations using the radiative transfer model with a wide range of conditions for surface soil moisture, roughness and vegetation properties that we considered as the random orientated disks and cylinders. Using this database, we developed 1) the techniques to estimate surface backscattering and emission components and 2) the technique to estimate soil moisture with the estimated surface backscattering and emission components. We will demonstrate these techniques with the model simulated data and its validation with the airborne PALS image data from the soil moisture SGP'99 and SMEX'02 experiments.
INTRODUCTION
Soil moisture is a key parameter in numerous environmental studies, including hydrology, meteorology, and agriculture.
It plays an important role in the interactions between the land surface and the atmosphere, as well as the partitioning of precipitation into runoff and ground water storage. Therefore, the spatial and temporal dynamics of soil moisture are important parameters for various processes in the soil-vegetation-atmosphereinterface. The NASA's Soil Moisture Active and Passive Mission (SMAP) with both Active/Passive L-band instruments will be launched in 2014. The radar operates with VV, HH, and HV transmit-receive polarizations, and uses separate transmit frequencies for the H (1.26 GHz) and V (1.29 GHz) polarizations. The radiometer operates with V, H and U (third Stokes parameter) polarizations at 1.41 GHz. SMAP will provide a better capability for monitoring global soil moisture and freeze/thaw.
The emission and backscattering models with consideration of the vegetation fraction cover in each pixel resolution can be generally described as: However, natural variability and the complexity of the vegetation canopy and surface roughness significantly affect the sensitivity of backscattering and brightness temperature to soil moisture. Backscattering and brightness temperature signals from vegetated areas is a function of water content and its spatial distribution as determined by vegetation structure and underlying surface conditions including surface roughness parameters and dielectric properties. Due to the limited observations from either passive or active measurements alone, an ill condition, the number of measurements and equations is less than the number of unknowns, is expected. It results in the uncertainties in estimation of soil moisture.
It has been realized that both radar and radiometer measurements at L-band are affected by soil moisture, vegetation, surface roughness and temperature. However, how to take each instrument's advantages and avoid its disadvantages to develop a combined active/passive technique to estimate surface soil moisture need to be explored.
In the early study [1] , we developed a combined active/passive technique to estimate surface soil moisture with the focus on the short vegetated surfaces. It was found that the small albedo assumption ( =0) could result in the significant effects on deriving the ratio of the surface polarization reflectivity, which would greatly impact on the estimation of soil moisture. In that study, we first used the cross-polarization measurements of radar measurements to estimate the vegetation parameter of Vc. With known Vc, the -model for radiometer can be applied without small the albedo assumption. Then, a synthesized technique can be applied to estimate soil moisture from radiometer measurements. The test from the SMEX02 PALS measurements performed reasonable well with the RMSE of 4.7 % for volumetric soil moisture estimation. It was also found the polarization dependence of the vegetation cover has a great impact on the soil moisture estimation and needs to be considered in future study.
In this study, we evaluate whether we can improve the soil moisture estimation accuracy by developing a inversion method without the independent polarization assumption on vegetation effects. We first simulated a database for both active and passive signals under SMAP's sensor configurations using the radiative transfer model with a wide range of conditions for surface soil moisture, roughness and vegetation properties with the different shapes of disks, needles, and cylinders. Using this database, we evaluated the relationships between each backscattering and emission components. Through analyses of these relationships, we developed a technique to estimate surface soil moisture.
RELATIONSHIP BETWEEN RADAR AND RADIOMETER MEASUREMENTS
For simplicity, the -model for radiometer and Ulaby's semi-empirical model [2] for radar will be used to demonstrate the relationship between radar backscattering coefficients and emissivity. We re-write (1) for passive emissivity as (4) Where ks is the surface roughness parameter: the normalized surface rms height. For canopy structure is dominated by vertically oriented cylinders (stalks or stems), the interaction component in (1) Where is the effective reflectivity of the stalk components of the canopy, which varies with vegetation water content. The total contribution of a canopy in backscattering and emission can be, then, added together from each constituent with the modification of the optical thickness or the attenuation factor (sum of all constituents) as shown in [2] . In any case above, we can write the interaction term as a function: Where is the polarization magnitude, which is a function of soil surface dielectric constant and incidence angle. Figure 1 show the relationships between the dielectric functions ( and rp) in backscattering and emission models for radar hh vs emission h at left and radar vv vs. emission v in middle, and rv vs. rh in emission, respectively. For the same polarization status as shown in Figure 1 (left and middle), they can be seen: The relationship between radar and radiometer measurements in a same polarization, therefore, can be written as: By re-ranging (9), we obtain the relationship between radar backscattering and emission signals at the same footprint scale. In addition, it is also expected that the relationship between radar and emission measurements for across polarizations is to be non-linear as shown in Figure 1 (right) .
INVERSION TECHNIQUES
It has been realized that the different radar polarization measurements has the different sensitivities to the different surface properties. Especially, the radar cross-polarization measurements are very sensitive to the vegetation information since the surface backscattering does not generate significant cross-polarization signal. As shown in [4] , the direct volume backscattering component of the copolarizations in (1) for the random orientated short cylinders can be directly estimated from the cross-polarization signals. That is
As shown in the study [1] , Vc and in (1), (2) and (3) From (2), by combining the surface roughness and vegetation terms together, we can obtain
Where rp is the flat surface reflectivity for polarization p. Cp is the combined surface roughness and vegetation factor for the polarization p. Similarly, we can obtain the radar measurements from (1), (6), and (7) as: We studied a technique to estimate soil moisture with the combined passive/active measurements By replacing two radiometer measurements from (13) and two radar measurements from (14) into (15), we can obtain six different ratio combinations of Ch, Cv, Chh, and Cvv. These ratio combinations are independent of surface dielectric properties and only depend on vegetation on roughness properties. All parameters of A and B in (15) can be determined from the regression and depend on the incidence angle and the pair of the polarizations and measurements. They can be estimated by the numerical technique. That is to use the six different ratio combinations to solve four unknowns Ch, Cv, Chh, and Cvv. Therefore, soil moisture can be estimated. Figure 2 is the histogram of the absolute error. It indicates that 85% of them less than 4% error, only 15 % of them are greater than 4 % error. 
SUMMARY

